Abstract: In this paper, the problem of simultaneous fault detection and control (SFDC) for linear time invariant (LTI) systems is considered. A mixed H 2 /H∞ formulation of the SFDC problem using dynamic observer is used. In essence, a single unit called detector/controller is designed where the detector is a dynamic observer and the controller is a state feedback controller based on the dynamic observer. Hence, the detector/controller unit produces two signals, i.e. the detection and control signals. Unlike previous approaches for SFDC problem, the observer parameters and controller gain are all obtained via Linear Matrix Inequality (LMI) feasibility conditions. Simulation results illustrate the effectiveness of the proposed design technique.
INTRODUCTION
Model-based fault detection and isolation (FDI) have attracted considerable interest over the past decades (see, e.g., Chen and Patton, 1999; Ding, 2008) . Among model-based approaches, the most common one is to use state observers or filters to construct residual signal and compare it with a predefined threshold. When the residual evaluation function has a value larger than the threshold, an alarm is generated Wang, Wang, and Shi (2009) . In Khosrowjerdi et al. (2005) , the problem of fault detection observer design for LTI systems which are simultaneously affected by two classes of unknown inputs (noises and unknown disturbances) is considered. In Wang, Yang, and Liu (2007) , the problems of H − index and multiobjective / H H ∞ − fault detection observer design via LMI conditions are considered.
It should be mentioned that most of the existing fault detection filters have been simply confined in traditional static filters (classic Kalman-Luenberger filter) (De Souza et al. 1995; Gao et al. 2005) . In order to distinguish from static filter, the term dynamic filter is used, in which a dynamic system is employed to feedback a residual signal (Dai, Gao, Breikin, and Wang, 2009 ). In Dai et al. (2009) , a zero assignment approach for 2 / H H ∞ dynamic filter design with application in fault detection is proposed. The authors in Pertew, Marquez, and Zhao (2005) considered a dynamic filter for the sensor faults estimation problem with the objective of fault magnitude estimation.
In most of the aforementioned methods, an open-loop model of the process was considered and/or it was assumed that the controller maintain the stability of the closed-loop system upon the failure, the assumption which may not be valid for many practical closed-loop feedback systems. This motivates the problem of simultaneous fault detection and control (SFDC) that has attracted a lot of attention in the last two decades (Jacobson, and Nett, 1991; Nett, Jacobson, and Miller, 1988; ) . The simultaneous design unifies the control and the detection units into a single unit which results in less complexity as compared to the case of separate design, and it is a reasonable approach since the design of each unit should take the other into consideration. In Hwang et al. (1994) , the implementation of an integrated control/diagnosis system for an advanced hard disk drive is studied. In Ding (2009), a brief survey of the integrated design of feedback controllers and fault detectors is presented.
To the best of our knowledge, the problem of SFDC using dynamic filter has not been investigated yet. In this paper, we propose a mixed 2 / H H ∞ formulation of the SFDC problem using dynamic observer detector and state feedback controller. In fact a single unit called detector/controller, where detector is a dynamic observer and controller is a state feedback, is designed which produces two signals: detection and control signals, which are used to detect faults and satisfy certain control objectives, respectively. SFDC problem has been studied in (Wang and Yang, 2009) , where conditions are proposed in term of Bilinear Matrix Inequality (BMI). However, the our method has major advantages in contrast with previous results that we obtain strict LMI conditions for designing the dynamic observer parameters and controller gain.
The rest of this paper is organized as follows. In Section II, the problem statement and definitions are given. The solutions to the simultaneous fault detection and control problem are presented in Section III. To demonstrate the validity of the proposed approach, a simulation is given in Section IV which followed by a conclusion in Section V.
Notation:
The Hermitioan part of a square matrix M is denoted by He( ) :
. The symbol * within a matrix, represents the symmetric entries.
I. THE PROBLEM STATEMENT AND DEFINITIONS
A. System model Consider the following linear time-invariant system: Then, the following model is proposed for the detector (dynamic observer)/controller (state feedback) throughout the paper:
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where ( ) n n t ∈ ℜ is the correction signal, the dynamics of which is given by: (
x t B r t n t C x t D r t r t y t y t
where ˆ( ) n x t ∈ℜ is the estimation of ( ) (1), results in the following closed-loop system equations:
t B w t B d t B f t r t C t D w t D d t D f t z t C t F d t
where: 
B. Problem formulation and preliminaries
The simultaneous fault detection and control problem to be addressed in this paper can be stated as follows.
SFDC Problem:
Given system (1), design a detector/controller (2) such that the closed-loop system (4) is stable, the effects of disturbance and noise on regulated output ( ) z t and residual output ( ) r t are minimized, and the effects of fault on ( ) z t are minimized, while the effects of fault on residual output ( ) r t are maximized. More specifically, we are to find a filter such that the closed-loop system is stable and the following conditions are satisfied: 
Remark 1-Note that, the matrix 2 D is excluded from the transfer matrix rw G for the same reasons mentioned in Khosrowjerdi et al. (2005) .
For simplification, the condition (vi) is replaced by a standard H ∞ model matching problem as follows (Casavola, Famularo, and Franze, 2005) : 
where F A is a Hurwitz matrix. Then: 
The following lemmas are used in the next section:
Lemma 1: Suppose the system (12) is asymptotically stable
x t Ax t Bw t z t Cx t Dw t
and let
(ii). There exists 0 T P P = > and Z such that:
Lemma 2: (Bounded Real Lemma): For system (12), H ∞ performance, with 0 β > is equivalent to the existence of
II. SIMULTANEOUS FAULT DETECTION AND CONTROL PROBLEM
In this section, the LMI formulation for solving simultaneous fault detection and control problem i.e. conditions (6), would be given, such that a desired detector/controller could be constructed. The main results of the paper are summarized in Theorems 1-7. 
where: ,
The control gain K and dynamic observer parameters , , , 
where 12 12 , P Q are invertible matrices satisfying the following condition:
12 12 11 11
Proof: First, note that by applying lemma 2, condition (16) is satisfied if and only if the following inequality holds:
assume that P has the following structure: 1( ) 11 12 2(2 2 ) 2(2 2 ) 12 22 0 , 0 n n n n T n n P P P P P P P P
Using the structure defined for P in (23), condition (22) 
where: , and Q is partitioned as:
11 12 12 22
Define the matrices 1 Π and 2 Π as follows:
Now, pre-and post multiplication of (24) 
inequality (18) 
This completes the proof.□
The LMI constraints for condition (iv) are given in the following theorem:
Theorem 2. The closed-loop system (4) is stable and the condition:
holds, if there exist symmetric positive-definite matrices 11 11
, , Q P X , matrices , , , , )   where   11  12  13  22  23  33 , , , , , E E E E E E are defined in (19) and , , , ,
Proof: The proof of this theorem is similar to that of theorem 1, so it is omitted for the sake of brevity. □
The following theorem gives the LMI constraints for condition (iii):
Theorem 3. The closed-loop system (4) is stable and the condition:
, , Q P X , matrices , , , ,
A B C D M and a prescribed positive constant 3 γ , such that the following inequalities are satisfied: 
where 11  12  13  22  23  33 , , , , , E E E E E E are defined in (19) and , , , ,
Proof: The proof of this theorem is similar to that of theorem 1, so it is omitted for the sake of brevity. □ The LMI constraints for condition (vi) are given in the following theorem:
Theorem 4. The closed-loop system (4) is stable and the condition:
, , , F Q P X P , matrices , , , , 
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Proof: The proof of this theorem is similar to that of theorem 1, so it is omitted for the sake of brevity. □ The LMI constraints for condition (ii) are presented in the following theorem:
Theorem 5. The closed-loop system (4) is stable and the condition:
, , Q P X , matrices , , , , where   11  12  13  22  23  33 , , , , , E E E E E E are defined in (19) and , , , ,
Proof: First, condition (39), is transformed to the following inequalities using (14):
Inequality (42) is non convex due to the presence of A term. Therefore the matrix P is partitioned as in (23), and 2 P , 1 2 P − , 1 Π and 2 Π are defined the same as in (23), (26) and (27) 
Proof: The proof of this theorem is similar to that of theorem 5, so it is omitted for the sake of brevity. □ At this point, all control and detection objectives given in (6) have been transformed to LMI feasibility constraints. The next result unifies the above theorems and provides a procedure for solving SFDC problem: (38), (40), (41), (45), (46).
Proof: By collecting all the previous theorems (Theorems 1-6).
IV. SIMULATION RESULTS
To illustrate the effectiveness of the proposed method, a numerical example is given in this section. Note that part of parameters is directly adopted from Zhong et al. (2003) γ is obtained as 1.2.
The residual signal is shown in Fig. 2 , where ( ) r t is adopted instead of ( ) r t . From Fig. 2 , it can be seen that the robustness against disturbance and noise, and the fault sensitivity are both enhanced, and the fault are well discriminated from disturbance and noise. Hence, by using a threshold test, the fault ( ) f t can be effectively detected. The regulated output ( ) z t of the closed-loop system is shown in Fig. 3 . 
V. CONCLUSIONS
A mixed 2 / H H ∞ formulation of the SFDC problem using dynamic observer detector and state feedback controller has been considered. Linear Matrix Inequalities are used to design the dynamic observer parameters and the control gain. In SFDC problem, the proposed method has major advantages in contrast with previous results that the presented conditions have been obtained in term of LMIs. A numerical example has been given to demonstrate the effectiveness of proposed approach. Finally, let us remark that the presented method will have other advantages in designing SFDC for uncertain LTI systems that has not been considered in this paper and we will study it in our future work. 
